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Abstract: The parton and hadron cascade model PACIAE is used to investigate strange 
particle production in Au + Au collisions at 62.4s  GeV in different centralities and 
at s  39, 11.5 and 7.7 GeV in the most central collision, respectively. It is shown that the 
transverse momentum distributions of strange particles by the PACIAE model fit the RHIC Beam 
Energy Scan experimental results well. 
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1 Introduction 
One of the primary purposes of relativistic heavy ion physics is to study a de-confined state 
of the quark-gluon plasma (QGP) [1]. The enhancement of strangeness production in relativistic 
heavy-ion collisions relative to pp collisions at the same energy has been recognized as a signature 
of QGP formation [2]. This judgment is based on the principle that the threshold for strange 
quark production in QGP is much smaller than that in hadronic matter [3]. Therefore, the study of 
strange hadron production plays a special role in studying QGP and the hadronic interaction and 
hadronization process in relativistic heavy ion collisions. 
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The RHIC Beam Energy Scan (BES) experiment published results on strange and 
multi-strange particle production in Au + Au collisions at NNs = 7.7, 11.5, 39 and 62.4 GeV [4, 
5], respectively. The results from RHIC BES may help us to study the QCD critical point and 
identify the phase boundary of the first order phase transition [4, 5]. The precise measurement of 
strange hadron yield in BES will certainly result in a better understanding of the strangeness 
production mechanism in nucleus-nucleus collisions. 
 PACIAE [6, 7], which was originally based on the PYTHIA [8] model, is a parton and 
hadron cascade model for relativistic heavy-ion collisions at the hadronic level. The PACIAE 
model is composed of four stages - parton initiation, parton rescattering, hadronization and hadron 
rescattering.  In this article, we will use the PACIAE model with the added effects of inelastic 
(re)scattering processes and the reduction mechanism of strange quark suppression[9, 10, and 11] 
to systematically investigate strange particle production in Au + Au collisions with the NNs = 7.7, 
11.5, 39 and 62.4 GeV at the RHIC BES energy region. 
The PACIAE model [6, 7] and the reduction mechanism of strange quark suppression [9, 10, 
and 11] are reviewed briefly in Section 2. Strangeness production in nucleus-nucleus collisions at 
RHIC BES is systematically investigated in Section 3.  Section 4 gives a summary and 
conclusion. 
2  The PACIAE model  
In the PACIAE model in the parton evolution (rescattering) stage, Ref. [12] considered the  
rescattering among partons in quark gluon matter(QGM) by the 2 2 leading order perturbative 
QCD (LO-pQCD) parton - parton rescattering. By the Monte Carlo method, the total and  
differential cross sections above the parton rescattering can be simulated until all parton–parton  
collisions are exhausted (partonic freeze-out). 
In the hadronization stage, the QGM from parton rescattering is hadronized by the LUND 
string fragmentation regime [13] or the Monte Carlo coalescence model [7].  
 The hadron rescattering is simulated by the usual two-body elastic and inelastic collision [6, 
7] until the h-h collision pairs undergo hadronic freeze-out. Rescattering among 
 , , , , , , , ,K p n      , , J    and their antiparticles is considered for the moment. 
In the LUND string fragmentation scheme [13], the suppression of s quark pair production 
compared with u or d pair production was assumed to be a ‘constant’. However, some 
experimental [14] and theoretical research [9, 10] have shown that this suppression decreases with 
increasing reaction energy.  
A qq  pair with mass m and transverse momentum pt may be created quantum mechanically 
at one point and then tunnel out to the classically allowed region in the LUND string model. This 
tunneling probability is given by 
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where the string tension κ ≈ 1 GeV/fm ≈ 0.2 GeV2 [13, 15]. This probability implies a suppression 
of strange quark production u : d : s ≈ 1 : 1 : 0.3. The probability of the ss  pair production with 
respect to a uu  (or d d ) pair will be enhanced with larger string tension .    
     Ref. [9, 10] introduced the concept of effective string tension to substitute the fixed string 
tension. A mechanism for the increase of effective string tension and hence the reduction of 
strange quark suppression [9, 10] was also introduced to the PACIAE model. The modified 
PACIAE model will be used to study strange particle production in this paper.  It is realized that 
effective string tension can be expressed as 
 0 1eff        ,                (2) 
where 0 is the string tension of the pure qq  string assumed to be ~1 GeV/fm. The default 
parameters 5.3 and 8.00 s  GeV in Eq. (2) are determined by comparing with h-h collision 
data [9].  We will change the parameters and 0s  according to the experimental results in the 
RHIC BES energy region. The parameter   is as follows: 
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where maxk  is the largest transverse momentum among the gluons. Eq. (3) represents the 
deviation scale of the multi-gluon string from that of the pure qq  string.  
The strange quark suppression factor and the width of the Gaussian transverse momentum 
distribution of qq  pairs with effective string tension 2eff  can be calculated by Eq. (2) as 
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where 1  is the strange quark suppression factor and 1  is the width of the Gaussian transverse 
momentum distribution in the string fragmentation with effective string tension 1eff . Obviously, 
  and   of above two string states are related by the ratio of the effective string tensions of 
those two string states only. It should be noted that the discussion above is also valid for the 
production of di-quark pairs from the string field. 
3   Calculated results 
There are default values of the model parameters in PACIAE given based on physics 
arguments and/or experimental measurements [4, 5]. However, a few sensitive parameters should 
be tuned to fit with the experimental results. The K  introduced to consider the higher order and 
non-perturbative corrections for LO-pQCD parton–parton differential cross section, the 
parameter  in LUND string fragmentation and the time accuracy t (the least time interval of 
two distinguishably consecutive collisions in the parton initiation stage) are tuned to fit the 
published experimental data of the charged multiplicity or the charged particle rapidity density at 
mid-rapidity. 
Then we can tune the parameters parj(1)、parj (2)、 parj (3) and parj (21) given by the 
PYTHIA model[8, 13, 15] to fit the strangeness production data in a given nuclear collision 
system at a given energy. In the PYTHIA model [8, 13, and 15], these four adjustable parameters 
are: 
Parj(1) is the suppression of diquark-antidiquark pair production compared with 
quark-antiquark production; 
 parj(2)  is the suppression of s quark pair production compared with u or d pair production;  
parj(3) is the extra suppression of strange diquark production compared with the normal 
 suppression of strange quarks; 
  parj(21) corresponds to the width σ in the Gaussian px and py transverse momentum 
distributions for primary hadrons (in this paper we fix parj(21)=0.36，this is the default value of 
parj(21) in the PACIAE model).  
We have included the reduction mechanism of the strange quark suppression in the PACIAE 
model (tune parameter kjp22=1) [17]. The parameters parj(1), parj(2), and parj(3)  are tuned to 
fit the strangeness production data in a given nuclear collision system at a given energy. The 
resulting parj(1), parj(2), and parj(3) can be used to predict the strangeness production in the 
same reaction system at different energies, even in different reaction systems. 
Firstly, we tuned the parameters parj(1), parj(2), and parj(3) in PACIAE simulations to fit the 
strangeness production data in Au + Au collisions at 62.4s   GeV[16]. The yields of strange 
particles calculated by PACIAE compared to the STAR results and the values of parj(1)、parj (2)、
parj (3) are shown in Table 1 and Table 2.The transverse momentum spectra of the strange 
particles in the relativistic Au + Au collisions at SNN = 62.4 GeV are shown in Fig. 1. 
 
 
 
 
 
 
 
 
 
 
 
Table 1  Strange particle rapidity densities at mid-rapidity ( 0.5y  ) in relativistic Au +Au 
collisions at SNN = 62.4 GeV.. 
 Table 2  The parameters tuned to fit the strange particle rapidity density at mid-rapidity in 
relativistic Au + Au collisions at SNN = 62.4 GeV. 
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      Fig. 1. The transverse momentum distributions of strange particles at different centralities in relativistic  
Au + Au collisions at SNN = 62.4 GeV. Panels (a), (b), (c) ,(d)and (e) are for 
0
K
S
,  ,  ,   
and 
 , respectively. The STAR results are given from Ref. [16] 
In order to differentiate clearly the results at different centralities, we multiply the data 
of
0
K
S ,  and  at 0%~5%, 5%~10%, 10%~20%, 20%~30%, 30%~40%, 40%~60% and 
60%~80% by 1012, 1010, 108 , 106, 104 , 102 and 1, respectively. Similarly, we multiply the data 
of  and  at 0%~5%, 5%~10%, 10%~20%, 20%~40%, 40%~60% and 60%~80% by 1012, 1010, 
108, 106, 103 and101, respectively. These results indicate that the data of strange particles 
transverse momentum spectra at SNN = 62.4 GeV are well fit by the PACIAE model, with only 
some slightly deviation at the most peripheral collision of a centrality with 60~80%.  
Similarly, in order to study the strangeness productions in Au - Au collisions at SNN = 39, 
11.5 and 7.7 GeV by the PACIAE , we tuned the parameters parj(1)、parj (2) and parj (3) in 
PACIAE to fit the strange particle rapidity density at mid-rapidity [4, 5]. The parameters are 
shown in Table 3 and the transverse momentum spectra ( 0 4.5Tp   GeV/c) of the strange 
particles at mid-rapidity ( 0.5y  ) in the most central (0~5%)  Au - Au collisions at SNN = 39, 
11.5 and 7.7 GeV are shown in Fig. 2. The adjustable parameters  and 0s  are 4.1 and 0.5. 
Table 3  The parameters tuned to fit the strange particle rapidity density at mid-rapidity in 
relativistic Au + Au collisions at SNN = 39, 11.5, 7.7 GeV. 
parj(1) parj(2) parj(3) 
Parameter 
Default PACIAE Default PACIAE Default PACIAE 
39 GeV 0.2 0.3 0.7 
11.5 GeV 0.17 0.38 0.7 
7.7 GeV 
0.1 
0.2 
0.3 
0.55 
0.4 
0.7 
 
 
Fig. 2. The transverse momentum distributions of strange particles in relativistic Au + Au collisions at 
SNN = 39, 11.5, 7.7 GeV. Panels (a), (b), (c), (d) and (e) are for 
0
K
S
,  ,  ,   and  , 
respectively. The STAR results are given from Ref. [4, 5] 
   From Fig. 2, we can see that the transverse momentum spectrum of
0
K
S ,  ,  ,   and 
 can be well described by PACIAE at centrality of 0~5%.  
In Fig.1 and Fig.2, we use the reduction mechanism of strange quark production. A 
comparison of strange particle transverse momentum spectra in Au + Au collisions at SNN =39 
GeV by PACIAE with and without the reduction mechanism of strange quark suppression is 
shown in Fig. 3.    
 
Fig. 3.  The transverse momentum distributions of strange particles in relativistic Au + Au collisions at 
SNN = 39 GeV. Panels (a), (b), (c), (d) and (e) are for
0
K
S
,  ,  ,  and  , respectively. The STAR 
results are given from Ref. [4, 5] 
In summary, these results indicate that the transverse momentum distributions of strange 
particles calculated by PACIAE model with the reduction mechanism fit the data better than those 
without the reduction mechanism of strange quark suppression.  
In order to verify the conclusion, a comparison of the ratios of the calculated results over data 
from STAR in Au + Au collisions at SNN =39 GeV by PACIAE with and without the reduction 
mechanism of strange quark suppression is given in Fig.4. One can find that the results with 
reduction mechanism of strange quark suppression are improved by about 28% for 0K
S
,   and 
 , and about 86% for  and  .  It is shown that the reduction mechanism of strange quark 
suppression in the PACIAE model is necessary and cannot be ignored. 
 
 
Fig. 4.  The dependencies of ratios of the calculated results over data from STAR in Au + Au collisions 
at SNN = 39 GeV by PACIAE with and without the reduction mechanism of strange quark suppression 
on transverse momentum. Panels (a), (b), (c), (d) and (e) are for 0K
S
,  ,  ,  and  , respectively. 
The STAR results are given from Ref. [4, 5]. 
4   CONCLUSIONS 
In summary, we have used the PACIAE model with the reduction mechanism of  strange 
quark suppression and inelastic (re)scattering processes to analyze strange particle production in 
relativistic Au + Au collisions at SNN = 62.4, 39, 11.5 and 7.7 GeV. The transverse momentum 
spectra of strange particles simulated by the PACIAE model were compared with RHIC BES data. 
In general, the experimental results can be well described by the PACIAE model. This indicates 
the important effects of the reduction mechanism of strange quark suppression and inelastic 
(re)scattering processes. 
In Ref. [3, 17], we demonstrated that the effect of the reduction mechanism of strange quark 
suppression and the parton and hadron rescattering introduced in the modified PACIAE model is 
important, not only in pp collisions in the RHIC and LHC energy regions but also in 
nuclear-nuclear collisions in the LHC energy region. According to the analysis in this article, the 
reduction mechanism of strange quark suppression and the parton and hadron rescattering 
introduced in the PACIAE model cannot be ignored in the low RHIC BES energy region.  
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